Honeybees in controlled-environment rooms developed flight activity patterns in response to the cycles of light and dark. As the photophase was lengthened, flight activity per unit time decreased, and in continuous light the diurnal rhythm faded. By altering the timing of the photophase, bees could be conditioned to high flight activity at times other than their "normal" peak flight period in the afternoon.
Introduction
One of the more exciting areas of current research concerning honeybees (Apis melli/era) is concerned with flight rhythms. Thus, Soczek (1958) observed that queens had a peak of flight activity between 14.45 and 15.15 hr, and Howell and Usinger (1933) , Kurennoi (1954) and Oertel (1966) found that maximum flight of drones occurred between 14.00 and 17.00 hr. However, Taber (1964) pointed out that peak flight of drones may shift during the season, and advanced the hypothesis that "as the season progresses with days becoming longer and temperatures higher, the drones fly later in the day and their flight is more concentrated."
Flight rhythms of worker bees have been studied from the tropics to the Arctic Circle, and these investigations have shown that outdoor flight activity is correlated with nectar flow, pollen collection, temperature, and weather (Butler & Finney, 1942; Domagala-Lipinska, 1962; Gary, 1967; Hocking & Sharplin, 1964; Kenyon, 1898; Lundie, 1925; Sekiguchi & Sakagami, 1966; Smith, 1953) . Moreover, flight activity indoors was found to be correlated with the collection of sugar syrup and the temperature of the flight rooms (Bennet & Renner, 1963; Nelson, 1964) .
In view of these data, the questions we attempted to answer at the Wild Bee Pollination Investigations Laboratory included the following: What would happen if honeybees were maintained with such nearly constant environmental conditions that they could always fly, but had no need to forage for their food supplies? Would the bees remain in their hives, or would a flight rhythm develop? If a rhythm developed, what form would it take? Would variations in the photophase result in a shift in the peak of flight activity? 
Methods and Materials
Eight glass-walled observation hives, each with 4 shallow Langstroth frames (13'7 X 44·8 em) one above the other, and with equal amounts of bees (covering at least 2 frames), brood (a mean of 413 capped cells per colony), and empty comb were used. Four were placed in each of two controlled-environment rooms (temperature 30±3°C and relative humidity 30±5 %) on 5th July, 1966. These rooms were constructed by partitioning the chamber described by Nye (1962) . The honeybees used were commercial Italian hybrids (Apis melli/era Iigustica). Sister queens were instrumentally inseminated with sperm from the same drone line, to reduce potential behavioural differences that could arise from genetic variability; they were introduced to the colonies on 6th July. To prevent stimulation of flight by the necessity to forage, pollen was provided for each colony in a small tray set on top of the uppermost frame, and sugar syrup and water were given in glass jars on top of the hives. All colonies were allowed unrestricted flight within their flight-rooms. The rooms were maintained with a 12-hour light (L) and 12-hour dark (D) period each day from 5th July until 20th September 1966, when the photophase was lengthened (room 1) or shortened (room 2) by 15 minutes per day until photophases of 8, 12 or 1 ( ( ( I( 135 was recorded at 30-second intervals during the photophase period, by time-lapse photography, using a Bolex H 16 cine camera (lO-mm wide-angle lens) actuated by a Stevens cine timer (Table 1 ). The number of bees in every thirtieth photograph (every I 5 minutes) was then counted twice by each of two technicians, and the mean of these four counts was taken. 
Results .nd Discussion
The flight patterns observed when the L : D cycles were 8 : 16, 12 : 12, and 16 : 8 hours are shown in Fig. 2 . With the 8 : 16 hour cycle, the first quarter of the photophase (2 hours) was characterized by restricted flight, the second quarter by sharply increasing flight, and the third and fourth quarters by maximum flight followed by a rapid final decrease. With the 12 : 12 and 16 : 8 hour cycles the initial restricted flight period was longer (first half of photophase) , the increasing flight activity occurred during the third quarter, and the final decrease occupied the fourth quarter of the photophase. The flight activity during the second half of the photophase was greater than during the first half, for all three photoperiods (Table 2) . Maximum flight always occurred between 14.00 and 16.00 hr, and the differences between the time of peak flight in the different photoperiods were not statistically significant. Fig. 3 shows the results of maintaining colonies in room 1 with continuous light for 5-!-days. The mid-afternoon peak of flight observed during the first day (A) gradually faded until a low rate of nearly constant activity prevailed throughout the day (E). Since there were periods of very low flight activity in the first few days during the period that corresponded with the previous scotophase (18.00-06.00 hr), it apparently took several days for the bees to lose their previous conditioning. days of the test. The test was preceded by LD 12 : 12, with the photophase between 06.00 and 18.00 hr. Fig. 4A shows the flight pattern of bees in room 2 when they were kept on a LD 12 : 12 hour cycle prior to 8th December. The colonies were by this time very small, and the flight activity was correspondingly low, which suited the purpose of the subsequent experiment (8th-13th December) on restricting the flight period. (If there had been too many bees it might have been difficult to make accurate counts of the number flying.) There is a noticeable difference between the results shown in Fig. 4A and the corresponding ones in Fig. 2 (LD 12 : 12) , presumably because the colonies represented in Fig. 4A were smaller. From 8th to 13th December the photophase was reduced to 2 hours per day. On 13th December, after 5t days of conditioning to this LD 2 : 22 hour cycle, the maximum flight activity (Fig. 4B , before dotted line) was more than four times as great as that in the preceding LD 12 : 12 hour cycle (Fig. 4A) . The time-lapse photographs showed that flight activity fell off gradually from its peak, and that there was then a sudden drop in the remaining flight t hr before the lights normally went out. On this day the photophase was extended by 2-!-hours, and flight activity continued at a high level but gradually decreased (Fig. 4B , after dotted line).
In 1967, another test was made to train bees to fly between 04.00 and 06.00 hr by restricting the photophase to those hours (LD 2 : 22). After several days of conditioning, the bees flew in large numbers when the lights were on; when the photo phase was then extended to 20 hours the flight activity followed a curve similar to that observed in the 1966 test with the LD 2 : 22 cycle. Thus, bees can be conditioned to high flight activity at times other than their "normal" afternoon flight period. The results confirm other indications that flight rhythms are strongly influenced by light as an exogenous factor. For example, Bennet and Renner (1963) obtained data suggesting that when the lights were out, the photoperiod might set flight rhythms. The decrease in flight activity that we noted (Fig. 3) agrees with their conclusion that flight activity becomes "saltatory" with continuous light. However, Nelson (1964) , whose data are generally in accord with the results of the present tests, found that he could superimpose a temperature-correlated rhythm over the daily rhythm.
Conclusions
Under the conditions of these experiments the following conclusions can be made:
1. As the photophase is lengthened, flight activity per unit time decreases. 2. Bees develop flight patterns in response to cycles of light and dark. 3. Bees can be conditioned to high flight activity at times other than their "normal" peak flight times. 4. Continuous light would seem to provide the best environment for testing biorhythms that are not associated with light and dark periods, since the rhythms of bee flight tend to fade with continuous light.
(( » ( 139 Thus, the results of these and earlier investigations suggest that all honeybee castes have a flight rhythm controlled or influenced by photoperiod. In the worker caste, this rhythm is not normally evident because it is overshadowed by exogenous factors such as weather and foraging opportunities. Drone and queen flights are more obviously made in response to photoperiod, because neither caste is engaged in foraging activity.
